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Introduction
Two important aspects of deception research are the study of objective (DePaulo, et al., 2003; Vrij, 2008a) and subjective (Harwtig & Bond 2011; Hartwig & Granhag, 2015; Vrij, 2008a) cues to deception. Objective cues refer to which verbal and nonverbal cues are actually related to the act of lying (DePaulo et al., 2003; Hartwig & Bond, 2011; Vrij, 2008a) , whereas subjective cues refer to which cues observers direct their attention to when making veracity decisions 1 (Hartwig & Bond, 2011) .
Research has shown that people's accuracy in distinguishing truth tellers from liars is close to chance-level (Bond & DePaulo, 2006 and that such accuracy is generally consistent across laypeople and professionals (Aamodt & Custer, 2006; Bond & DePaulo, 2006; Vrij & Mann, 2001) , with some exceptions (Ekman, O' Sullivan, & Frank, 1999; Mann, Vrij, & Bull, 2004) . Some have argued that the low accuracy rate is due to wrong beliefs held by observers (Strömwall, Granhag, & Hartwig, 2004; The Global Deception Research Team, 2006) . However, in their meta-analysis, Hartwig and Bond (2011) have found that people actually look for the correct cues, but that the differences between truth tellers and liars regarding these cues are barely noticeable. Moreover, Levine et al. (2011) assumed that the transparency of senders also affects judges' accuracy. With transparency, they refer to how well senders portray their honesty or dishonesty. Transparency is also influenced by amount of "matching" between apparent and actual honesty. In particular, if a sender is honest and appears as honest (or if s/he is lying and appears to be lying) then it is possible to claim that there is a "matching demeanor", as the observable behaviour of the subject is indicative of the actual veracity condition. When a sender appears honest while lying (or when s/he give the impression to be a liar when actually telling the truth), then the subject demeanor mismatches the actual veracity condition ("mismatching condition"). It has 1 The label "Subjective cues" can be interpreted in two different ways. First, as we reported in the text, it can refer to the cues to which the observer actually directs his/her attention when making veracity judgments (Hartwig & Bond, 2011) . Second, it can refer to cues to which the observer believes/reports s/he is directing his/her attention (Hartwig & Granhag, 2015; Taylor & Hick, 2007; The Global Deception Research Team, 2006) .
been shown that higher transparency causes higher accuracy rates in observers (Levine, Shaw, & Shulman, 2010; Levine et al., 2011) . A recent study (Levine, 2016) also found that most of the variance for deception detection accuracy is observed in senders' than in observers' characteristics, as well as that there is a lack of evidence for deception-general ability.
The effect of senders' characteristics also emerged in Bond and DePaulo (2008) metaanalysis. The authors looked at differences between people in ability to detect lies, tendency to regard someone as honest (which they labeled "credulity"), how much a sender makes obvious whether s/he is lying or telling the truth ("detectability"), and how much a sender tends to appear as credible ("credibility"), regardless of whether s/he is lying or telling the truth. Meta-analytic results showed that the smallest difference was found in judge's ability, whereas the highest was senders' credibility, which is consistent with Levine and colleagues (2011) . Indeed, Bond and DePaulo found that judges' ability difference only reached .80%.
On the other hand, the difference in judges' biases reached 5.13%, that of senders' detectability 5.49% and that of senders' credibility 11.58%. Bond and DePaulo's results stress again the importance of senders' characteristics on judges' ability, as found in Levine and colleagues (2011) . However, Levine et al. only examined one type of lie (lying about an event), whereas it is known that deceptive messages can differ based on the type of lie being told (Warren, Schertler, & Bull, 2009 especially when taking into account that the medium the observer is presented with has an impact on judgment accuracy (Bond & DePaulo, 2006; Bond, Levine, & Hartwig, 2015) .
An example of the interaction between medium, senders' competence and type of lie is the work by Frank and Ekman (2004) . They explored whether a truthful demeanor, that is appearing truthful regardless of whether one is actually truthful or deceptive, generalizes across different media and whether this competence is related to the type of lie. Such truthful demeanor refers to how credible the sender appears (and therefore how convincing s/he is) regardless of the actual veracity condition. The more the sender shows a truthful demeanor, the more likely s/he will be labelled as a truth teller. Therefore, assessing a person who shows a truthful demeanor when telling the truth will result in a hit, but assessing a person who,
although showing such a truthful demeanor, is lying will result in a miss. when assessed only by their body language due to lying stereotypes (Vrij, 2008b) and it also relates to Bond and DePaulo's (2006) results, who found that people are more accurate when attending to audio cues then when attending to video cues. All of this can also be rooted to the evidence that verbal cues are more diagnostic than nonverbal cues when assessing credibility (Vrij, 2008a (Vrij, , 2008b ).
An important research question is if senders appear as consistently credible across different media as found by Frank and Ekman (2004) and by Bond et al. (2015) when controlling for communication skills. That is, senders' believability may be influenced by both the sender's competence and the medium. In short, Levine et al. (2011) shed light on the fact that observers' accuracy is driven by the transparency of the sender (matching vs. Based on the role of transparency previously found by Levine et al. (2011) , the importance of both judges' (accuracy and credulity) and senders' (detectability and credibility) reported in Bond and DePaulo (2008) and considering the role of the medium (Bond & DePaulo, 2006; Bond et al., 2015; Frank & Ekman, 2004) our goal was to explore whether the three factors (competence, veracity and medium) interacted and played a joint role on observers' accuracy. If this is the case, then, using a log-linear analysis, the statistical model which best fits the data should be the one that accounts for all the four variables taken together (for a detailed explanation of log-linear modeling in psychology, see Knoke & Burke, 1980; Madsen, 1976) .
Method

Participants
A total of 220 university students (31 males, 189 females, 55 for each experimental condition) took part in the experiment. Their average age was M = 22.9 years (SD = 5.9 years).
Material
The video stimuli used in this experiment were obtained from a previous study (Caso, Maricchiolo, Bonaiuto, Vrij, & Mann, 2006) where 128 participants had to lie or to tell the truth about the possession of a backpack and about a meeting with another person (a confederate who gave them the backpack). In a follow-up study focusing on participants' skills in decoding truthfulness and lies, 16 of the 128 videos were randomly selected (eight truthful and eight deceptive senders). Thirty observers were asked to indicate whether each of the 16 senders portrayed in the stimuli was telling the truth or lying.
For the present study, four videos were selected from the original 16 of the follow-up study, according to two criteria. First, a Veracity factor was introduced, so that two videos showed truth tellers (a good truth teller and a bad truth teller) and two videos showed liars (a good liar and a bad liar). Second, a quality of communication (sender competence) factor was introduced, resulting in four video stimuli: good truth teller, bad truth teller, good liar and bad liar. To assign the senders to each of the four conditions, we proceeded as follows: the good truth teller is a sender who was (correctly) judged as truth teller by at least 70% of observers in the previous study (high believability, matching condition). The bad truth teller is a sender who was correctly identified by no more than 30% of observers (low believability, mismatching condition). Similarly, a good liar is someone who was correctly identified by no more than 30% of observers (high believability, mismatching condition), whereas the bad liar was judged as a liar by at least 70% of observers (low believability, matching condition). All four senders were about twenty years old and white-Caucasian; three of them were women, the remaining was a man. The video depicted the full body of the senders. Our material therefore differed from Levine et al. (2011) in two ways. First, instead of having only two conditions, either matching or mismatching, we made a distinction on the basis of the interaction between the competence of the sender, either good or bad, and his/her veracity conditions (honest or liar), and therefore had four conditions. Second, we classified the senders based on the proportion of correct answers made by the observers in a previous study, whereas Levine et al. selected the five most often believed and five most often disbelieved senders. The mean duration of each video segment was of M = 150s.
Design and Dependent Variables
All the above conditions were presented in four different media: a transcript, an audio recording, a video without sound and a video with sound. The Veracity and Sender's
Competence were within-subjects factors, and Medium was a between-subject factor.
Observers' accuracy was the dependent variable and was measured on a dichotomous scale:
either accurate or inaccurate. The order of Veracity was counterbalanced, and observers always saw the 'good' example first. This resulted in a 2 (Veracity: truth teller vs. liar) X 2 (Sender's competence: bad vs. good) X 4 (Medium: transcript vs. audio vs. video vs. audiovideo) X 2 (Participants' accuracy: accurate vs. inaccurate) contingency table which we used for log-linear model testing. The log-linear analysis modeling aims at showing which model best fits the data (Bakeman & Robinson, 1994; Gnisci & Bonaiuto, 2003) . Contrarily to what is usually expected, the focus here is on the first model that does not show significance, as here the lack of significance indicates that the model can explain the data (Knoke & Burke, 1980) . The procedure starts from the saturated model, which accounts for all the variables and their interactions as a whole, and then eliminates the effect of singular variables and interactions in the following steps, in a similar way to what is done in a multiple regression.
The first model that shows non-significance is the one that explains the data the best. (Gnisci, 2005) .
Procedure
Data were collected at University "La Sapienza" (Rome) and at University of Bergamo. Participants watched the stimulus-material in groups ranging from 27 (La Sapienza) to 28 (Bergamo). Eight different experimental sessions were generated: for each medium of presentation modality (between-subjects factor), four groups saw the two truth tellers first, whereas the remaining four groups saw the two liars first. Participant were firstly
welcomed and explained what they had to do. Then, they were showed the stimuli and asked to give their answer to the question "Do you think that the interviewee lied?". They had to choose between two (dichotomous) options, "yes" or "no". The participants sat far enough to not be able to influence each other answer. Additionally, participants were also asked to answer the following question "How much convincing do you think the interviewee was, on a scale from 1 (not at all) to 9 (completely)?". Scores to this answer were used to explore if observers could evaluate senders' competence. Indeed, appearing convincing, therefore truthful, can be seen as being a good (competent) communicator, for both cases: truth telling and lie telling. In case of truth telling, being highly convincing can be seen as being a competent sender as one is able to portray his/her actual veracity condition. In case of lying, being highly convincing can be seen as being a competent sender as one is able to hide the fact that s/he is lying whilst appearing as a truth teller, which is what liars aim to do. Once the participant watched all stimuli, s/he was thanked and debriefed. indicating a main role of accuracy. All relevant parameter estimates are reported in Table 2 .
Results
Model testing
Follow-up exploratory analyses
To examine the relations between all the variables we explored the model in more depth. We inspected the adjusted standardized residuals and kept the value of z ± 1.96 as the cut-off score. Therefore, we had a contingency table for each combination of sender's competence and veracity status: good liar, bad liar, good truth teller, bad truth teller. The rows represent the accuracy outputs, either accurate or inaccurate, whereas columns represent the medium. This resulted in four contingency tables with eight different cells. Any cell with a z-score beyond the ± 1.96 limit indicated an association between presence (or absence) of accuracy and the specific medium.
Insert Table 1 and Table 2 
about here
For the good liar (Table 3) , the analysis showed that accuracy was associated with the transcript modality (Z = 2.5), whereas the lack of accuracy was associated with the audioonly modality (Z = 2.6). Twenty-four observers (43%) correctly identified the good liar when provided with the transcript, whereas forty-six (83%) made an inaccurate judgment of good liar when provided with the audio-only stimulus.
Enter Table 3 about here
For the bad liar (Table 4) , adjusted standardized residuals showed that the audio-only modality was associated with accuracy (Z = 3.9, 40 accurate participants, 72%), whereas the video-only modality was associated with lack of accuracy (Z = 2.0, 34 inaccurate participants, 61%).
Enter Table 4 about here
For the good truth teller (Table 5) , the adjusted standardized residuals showed a relationship between accuracy and the audio-video modality (Z = 2.1, 45 accurate participants, 81%) and an association between lack of accuracy and the video-only modality (Z = 3.4, 26 inaccurate participants, 47%).
Enter Table 5 about here
For the bad truth teller (Table 6 ), the adjusted standardized residuals showed that accuracy was associated with the audio-video modality (Z = 3.4, 44 participants, 80%), whereas the lack of accuracy was associated with the video-only modality (Z = 5.9, 40 participants, 72%).
Enter Table 6 about here
Additional analyses
Since the results underlined that observers' accuracy was related to both Senders' Enter Table 7 about here
For the audio-video condition, the bad liar obtained lower scores than each of the other three senders.
For the transcript condition, the bad truth teller and the good liar obtained higher scores than the good truth teller and the bad liar.
For the audio condition, both truth tellers obtained the highest scores, while the bad liar obtained the lowest score.
Finally, for the video condition, the bad liar appeared as the most convincing, whereas the bad truth teller appeared as the least convincing. All the differences are reported in detail in Table 7 .
Discussion
In this experiment, we tested if senders' competence, their veracity status and the medium of communication affected observers' accuracy. First, we found that the full model, which accounted for all these three variables together, influenced participants' accuracy. In addition, the fact that the highest levels of variability were those of accuracy [A] and accuracy, medium and veracity [AMV] gives further support to the idea that observers' accuracy is related to and depends on all of the three other variables. This implies that observers' accuracy builds on several factors, including senders' competence, veracity status and medium.
We also found that, when evaluating the good liar, participants were more accurate when their judgments were based on transcripts, whereas when evaluating the bad liar, they were more accurate when their judgments were based on audio cues. Being a good liar may be related to being able to control both one's own demeanor (Buller & Burgoon, 1996;  Hartwing, Granhag, Strömwall, & Doering, 2010) and verbal content (Hartwig et al., 2010 ).
Yet, research found that senders sometime find it more difficult to control their nonverbal behaviour than their verbal content (Caso, Vrij, Mann, & De Leo, 2006) , which goes against our results for the good liar. Therefore, it may be difficult to untangle the reasons why we found the transcript to be the best medium to assess the good liar, yet a good explanation may lie on the fact that verbal cues are more effective than nonverbal cues when it comes to evaluating senders' honesty (Bond & DePaulo, 2006; Vrij, 2008a) . In any case, our results have applied value as transcripts is the medium experts typically use during legal proceedings, showing potential ecological validity for such a result. Nonetheless, it is essential to underline that the good liar was correctly identified by only 43% of observers when they attended a transcript, and that their accuracy decreased even more when they paid attention to the audio medium. In this case, only 17% of participants gave the correct answer.
Consequently, whilst it still has limitations, the transcript remains the best option. It is interesting to note that, contrary to what has been found in Bond and DePaulo (2006) , the audio medium brought observers to a low accuracy rate when assessing the good liar. This stresses again the importance of the interaction between all the variables (medium, sender's competence and veracity). One explanation why this happened is that the good liar could manage his demeanor and emotions to a better extent than bad liar, resulting in fewer cues to deception in their prosody 2 (Buller & Burgoon, 1996; Caso, Gnisci, Vrij, & Mann, 2005) . In fact, we did find that the bad liar was best assessed through the audio cue, which supports this explanation and can be expected being this cue among the few valid cues to deception found in DePaulo's et al. (2003) meta-analysis. One may wonder why the other channels did not work better. It is possible that a bad liar gets stressed during questioning and because of the fear of being caught (Vrij, 2008a ) let higher pitch betray his/her lie. It is indeed true that pitch is also available in the audio-video medium, as well as that other cues to deception (fewer details, for example) may be available in other channels such as the transcript. Yet, it has not to be excluded that the stress was so strong for the interviewee that the pitch became the clearer cue to deception.
Our results also showed that participants' accuracy for both the good truth teller and the bad truth teller was positively associated with the audio-video modality. Although research has shown that paying attention to nonverbal behaviour weakens accuracy, it has also been shown that consistency between the verbal and nonverbal medium is important for correct classifications (DePaulo et al., 2003; Heinrich & Borkenau, 1998) . Such consistency can be observed only when both audio and visual channels are available, and this may be the reason why this was the most effective medium for the good truth teller and the bad truth teller. We did not make any prediction about the effect of sender's competence on observers' accuracy as it is likely that both the good truth teller and the bad truth teller told the story "as it is", which should result in verbal-nonverbal consistency regardless of sender's competence.
Similarly, we did not predict that inconsistency between the channels may help lie detection, as visual cues may trick people into believing that someone is telling the truth, also due to the well-known truth bias (Vrij, 2008b) . That is, consistency may be more evident than inconsistency, particularly when considering that "perceiving true statements may be accompanied by an intuitive feeling of certainty" (Bond, Levine, & Hartwig, 2015, p.52) .
Furthermore, our results are also in accordance with the idea that audio-visual cues are related to perceived truthfulness (Bond et al., 2015; Frank & Ekman, 2004) . Similarly, it may be that our truth tellers' (both the good truth teller's and the bad truth teller's) efforts to appear credible (IDT, Buller & Burgoon, 1996) were more evident through this medium, likely because they either were automatically, or tried to be as much as possible, consistent in their nonverbal and verbal messages.
The most relevant result here is that it is important to shed light on the importance of clarifying the interaction between both senders (encoding) and observers (decoding) characteristics. Senders' characteristics include their communicative competence and idiosyncrasies, which may result in specific cues to deception (Vrij, 2016) . Observers' characteristics may include their biases, which are the cues they rely on to make their decision and their attitudes toward the sender. In fact, although there is a generalization about which are the most reliable cues to deception (DePaulo et al., 2003) it would be important to account for such interpersonal differences (Vrij, 2016) as this may improve accuracy rates.
Different people may show different cues to deception and they may do this via different media according to senders' competence. However, it is not possible, at least to date, to decide which media should be selected for veracity assessment. Further studies are needed in this direction. This becomes important when considering that cues to deception (DePaulo et al., 2003; Vrij, 2008a) and senders' competence (Levine et al., 2011 ) taken alone may not be able to give a full picture of the variability in observers' accuracy. One possibility to deal with the issue may be to provide observers with one medium first, then to ask to them to think about the perceived sender's honesty. Subsequently, observers may be provided with additional media and then asked if this reinforces or weakens their certainty about the interviewee's honesty. Asking observers to judge senders repeatedly has already proved effective (Granhag & Strömwall, 2001 ) and it reduces the truth bias (Street & Masip, 2015) .
Repeated judgments may become even more effective when using several media. The approach may also stimulate observers to think more in depth about what let them make a specific decision. This would also give them the opportunity to change their decisions, with possible bias reduction. Indeed, it has been found that critical thinking is effective even when a bogus training is provided (for a review of training effects, see Hauch, Sporer, Michael, & Meissner, 2016; Vrij, 2008a) . Further research is needed to explore if such an approach works as well as which order of (media) presentation may be the best one. Finally, it is interesting to spend some words on the convincingness rates made by the observers. For example, for the audio-video condition, the good liar did not appear more or less convincing than both the good truth teller and the bad truth teller. It is plausible that this happened because the good liar was proficient at appearing truthful, which again stresses the importance of accounting for the impact of senders' transparency on observers' accuracy. On the other hand, some unexpected results appeared. To give an example, in the transcript condition the good liar was rated as more convincing than the bad liar and the good truth
teller. Yet, the good liar was best assessed through this medium than via the others.
Limitations
Although this study gives some insights into the impact of competence, veracity, and medium on observers' accuracy, there are some limitations that can be dealt with in future studies.
First, there were only four stimuli, which may reduce the understanding of the processes under investigation. Therefore, future research should try to replicate our result with more and more varied stimuli. Second, we tried to control for confounding variables having all participants coming from the same background (all white-Caucasian students) and all being of the same age. Nonetheless, future studies should also actively control for personal characteristics (gender, age, attractiveness, education, ecc.) to reach a more precise picture.
Indeed, although we can be quite confidence about our senders' competence manipulation due to our selection criteria, it may be possible that idiosyncratic characteristics played an important role as well, as we had only one sender in each condition. We proceeded as explained also to reduce the complexity of the design and analyses, but it is paramount that future studies explore such a relation. 
